indicating that the effect of temperature on the protonation of lactate is insignificant. In contrast, the protonation constants of DTPA (logβ H 's) generally decrease as the temperature is increased.
INTRODUCTION
The TALSPEAK process (Trivalent Actinide Lanthanide Separations by Phosphorus-reagent Extraction from Aqueous Komplexes) [1, 2] ]) above ~3.5, the measured distribution coefficients of An(III) and Ln(III) decrease while those predicted by the model increase as pC H becomes higher [3, 4] . To achieve accurate prediction and precise control of the behavior of actinides and lanthanides in the TALSPEAK process, it is necessary to determine the thermodynamic parameters of the reactions in the TALSPEAK system and evaluate the effect of operating conditions (e.g. temperature) on the thermodynamic parameters. For example, the protonation and dissociation of the TALSPEAK ligands, lactic acid and diethylenetrinitropentaacetic acid (DTPA), and their complexation with An(III) and Ln(III) play very important roles in controlling the speciation of actinides and lanthanides and the efficiency of separation. Currently, there are only very limited thermodynamic data for these reactions for temperatures at or near 25 o C. The lack of thermodynamic data at different temperatures makes it difficult to predict the behavior of actinides and lanthanides in the TALSPEAK process if the "envelop" of operating conditions change, e.g., at temperatures higher than 25 o C. To help with the development of advanced An(III)/Ln(III) separation processes, we have started systematic studies on the thermodynamics of major reactions involved in TALSPEAK, including the protonation of lactate and DTPA and their complexation with actinides and lanthanides. This paper summarizes the results on the protonation constants of lactate and DTPA at different temperatures. 
EXPERIMENTAL

Chemicals
Potentiometry
The apparatus for potentiometry consists of a 100 cm 3 Approximately 50 -75 data points for the lactate system and 200 -400 points for the DTPA system were collected in each titration. The protonation constants of lactate and DTPA at different temperatures were calculated using the program Hyperquad 2000 [6] .
Microcalorimetry
Microcalorimetric titrations were carried out using an isothermal microcalorimeter (ITC-4200, for the heat of dilution of the titrant (Q dil,j ), which was determined in separate runs. The net reaction heat at the j-th point (Q r,j ) was obtained from the difference: Q r,j = Q ex,j -Q dil,j . These data, in conjunction with the protonation constants obtained by potentiometry, were used to calculate the enthalpy of protonation with the computer program Letagrop [9] . (insert Figures 2 and 3) The protonation constants from this work, together with the protonation constants at I = 1.0 mol·dm -3 in the literature [10] , are shown in Table 1 and Figure 4 . To compare the equilibrium constants at different temperatures, the constants in molarity should be converted to the constants in molality using equation (3) described in the literature [11] .
RESULTS and DISCUSSION
Equilibrium Constants of the Protonation of
where K m and K M are the equilibrium constants in molality and molarity, respectively. Σ r ν r is the stoichiometric coefficient of the reaction (ν r is positive for products and negative for reactants) and is equal to -i for the protonation reactions (iH + L = H i L). ϑ is the ratio of the values of molality to molarity for the specific ionic medium and varies for different media and concentrations. For 1.0 mol·dm -3 NaClO 4 , logϑ is about 0.02 [11] . The converted protonation constants of lactate and DTPA are also shown in Table 1 .
The protonation constants of lactate (logβ H = 3.5 -3.7 at 10 -70 o C) indicate that lactic acid is a slightly stronger acid than simple monocarboxylic acids (e.g., logβ H ~ 4.6 for acetic, butanoic and hexanoic acids [10] ), but similar to other α-hydroxycarboxylic acids (e.g., logβ H ~ 3.6 for 2-hydroxybutanoic and 2-hydroxyhexanoic acids [10] ) and isosaccharinic acid (logβ H ~ 3.2 -3.3 [12] ). Such slightly stronger acidity might be attributed to the formation of hydrogen (insert Table 1 , Figure 4) In contrast, the protonation constants of DTPA decreased significantly as the temperature was increased (Table 1 
SUMMARY
The increase in temperature (up to 70 o C) has a negligible effect on the protonation of lactate. Therefore no effect of temperature on the speciation of lactate is expected in this temperature range. In contrast, the overall protonation constants of DTPA decrease by 0. 252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289 
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